Introduction
On December 31, 2011, Congress allowed the Volumetric Ethanol Excise Tax Credit (VEETC) to expire. The VEETC was an incentive program designed to increase the amount of ethanol on the market, as an alternative to gasoline. At its time of expiration, VEETC provided a $0.45 per gallon tax credit provided to blenders of ethanol with gasoline. The VEETC was enacted in an attempt to obtain social benefits, in the form of lower dependence on foreign oil and environmental improvements, such as decreased greenhouse gas emissions. However, the VEETC failed to facilitate all of these benefits from materializing. This paper will perform a costbenefit analysis of the VEETC expiration, while maintaining the Renewable Fuel Standard mandates, in order to determine if terminating the tax credit was in the best interest of society. The first section will present the history of ethanol subsidies. The second section will discuss previous and existing federal ethanol subsidies and the rationale behind their creation. The third section will calculate the anticipated costs and benefits of removing VEETC. The fourth section will present other considerations that could affect future results. Finally, the concluding section will summarize the findings and determine the net benefits to society, for allowing VEETC to expire. in the Middle East and increased environmental awareness raised public interest in alternative fuels. With the increased demand for cars and gasoline, ethanol was identified as a way to lower US dependence on non-renewable, foreign oil. Research concluded that ethanol emits fewer greenhouse gases into the atmosphere when it is burned as fuel, thus reducing the impact on the environment. Despite its benefits to society, the high production costs and comparative low demand for ethanol in relation to gasoline made it an impractical industry. The market disparity caused production firms to face a disadvantage they could not overcome without assistance. As a result, the federal government began providing subsidies for ethanol producers in order to make the market sustainable and to promote the production and use of alternative fuels in the United States. With the allowance of federal subsidies, ethanol production grew from 175 million gallons, in 1980, to 13.1 billion, in 2011, with a majority of production taking place in Midwestern states, with Iowa, Illinois, Minnesota, and Nebraska being the largest producers (EPI 2011).
Federal Ethanol Subsidies
Over the last three decades, the federal government established measures to decrease the United States' dependence on foreign oil and improve environmental quality through alternative fuel sources. In 2004, as ethanol appeared to be a viable fuel alternative to replace gasoline, the federal government created the Volumetric Ethanol Excise Tax Credit (VEETC), also known as the blenders' tax credit, under the American Jobs Creation Act. The VEETC provided a $0.51 per gallon credit of pure ethanol blended with gasoline to blenders of ethanol, as an incentive to encourage ethanol use in gasoline. The primary beneficiaries of this tax credit were large oil companies. Table 1 . The Environmental Protection Agency (EPA) determines the optimal quantity of ethanol to be used in transportation fuel with regards to greenhouse gas emissions over the lifetime of various fuels, from production through consumption.
Cost-Benefit Analysis
Cost-Benefit Analysis is an assessment of the impact a policy change has on society. It measures the direct and indirect effects of the change by calculating monetary values of the costs and benefits for each affected group, with standing, and comparing the results against an assigned status quo. The purpose of such an analysis is to objectively determine the total net benefits of the policy change and consequently conclude whether or not a policy is efficient.
The expiration of VEETC impacts every American through both positive and negative externalities. Opponents to the expiration of VEETC argue the expiration will have detrimental effects for the biofuel industry, which will spillover as negative externalities for society. Supporters of the expiration claim that if VEETC was allowed, society would suffer from inflated food prices, environmental degradation, and hindering alternative fuel research and innovation. This cost-benefit analysis considers these two perspectives and assesses all possible impacted industries and sectors of society, to determine the impact of the expiration of the VEETC.
The VEETC was a national tax credit; therefore, this cost-benefit analysis will take a national perspective over a ten-year span from 2012 to 2022, comparing it to the status quo of the nation under the VEETC. This period covers the time of the expiration of the VEETC while the RFS is still authorized. Since the VEETC has expired, ex-post timing is necessary to evaluate the costs and benefits. However, because the true impact of the policy's termination remains unknown, costs and benefits will be projected based on prior research and anticipated effects.
Calculation of Costs and Benefits
The GAO report, Biofuels: Potential Effects and Challenges of Required Increase in Production and Use determined the RFS does not cause the level of ethanol consumption to be higher than without. In this analysis, the RFS volume mandates are taken to be nonbinding, meaning the level of blended ethanol production exceeds the RFS required quantity (GAO 2009) . Given this duplicative nature of RFS and VEETC, the expiration of VEETC will result in the quantity of ethanol blended with gasoline to decrease to RFS mandated levels (GAO 2009 ). This assumption is based on the production levels of ethanol in 2008 equaling 9.5 billion gallons, which exceeds the 9 billion gallon requirement under RFS by 500 million gallons (GAO 2009) .Therefore, it is assumed that the VEETC expiration will cause the quantity of ethanol consumption to decrease and stabilize at the RFS levels through 2022.
As with most taxes, VEETC is assumed to be a transfer between producers and consumers, or those receiving the credit and those paying the credit, respectively. Accordingly, the direct costs and benefits of VEETC in terms of paying for and receipt of the credit will not be included in the calculation of the costs and benefits, as any calculations given would result in zero net benefits.
In order to effectively measure the status quo, 2011 trends in prices, production, and consumption levels will be used to project the status quo under the VEETC through 2022. These trends will be further explained in proceeding sections. In order to hold constant the value of money over time, a discount rate of four percent will be used to calculate the present value of future costs and benefits.
Calculation of Costs

Administrative
Directly, the expiration of VEETC will not result in any additional administrative costs to enforce or monitor RFS. The EPA currently enforces the mandates and monitors the amount of ethanol blended with gasoline. However, without VEETC, the government will experience a greater demand on agricultural assistance programs. The federal government subsidizes farmers for their crops in response to poor season conditions or a low market price. It has been shown that government agricultural assistance program payments are responsive to change in the demand for agricultural goods, such as corn (Kruse 2007) .
The cost to farmers from the VEETC removal can be captured by the loss in profits to corn producers. In the United States, 98 percent of all ethanol was made from corn in 2007 (Kelderman 2007) . Because corn makes up nearly all of the ethanol produced in the United States, in this analysis, corn will be assumed to represent the primary input good for ethanol. With a fall in the quantity of ethanol being blended to RFS levels, after the VEETC expires, the demand for ethanol will consequently decrease. Kruse et al. (2007) estimates the increase in the cost of agricultural assistance can be as high as $570 million. However, this increase assumes the tax credit is $0.51. Assuming all else constant, the ratio of $570 million per $0.51 is the same as a reduced tax credit of $0.45 per gallon, to increase agriculture assistance by $503 million in 2012. The United States Department of Agriculture (USDA) determined the supply of corn is relatively inelastic at 0.23 in the short run, due to the production process (USDA 2011). March and April. Corn is then harvested September through November. To plant and harvest corn at a large quantity, farmers will have invested in specific equipment. Therefore, when the demand for corn decreases, farmers will lose substantial profits in the first year, but appropriate changes in the long run will minimize these losses. If this increase in agricultural subsidies persists, decreasing by four percent annually due to farmers' ability to transition their fields to grow more profitable crops, removing the VEETC will cost $4.6 billion, over ten years.
Production
The costs of producing ethanol and farming corn will be affected by the removal of VEETC. Under the tax credit, oil companies, who are the primary blenders of ethanol with gasoline, will blend more ethanol than is mandated to receive a larger government payout. In 2010, RFS required 12 billion gallons of renewable fuel to be blended with gasoline. In practice, 13.23 billion gallons were blended, exceeding the amount by 1.23 billion gallons, or ten percent. With the removal of this incentive, oil companies will only blend the optimal amount mandated by RFS, which is below their previous levels; thereby decreasing the quantity of ethanol demanded and reducing the amount of ethanol produced.
The production, distribution, and consumption of ethanol is highly subsidized by hundreds of state and federal programs. Therefore, ethanol producers will only be affected by the reduced demand from blenders because they will continue to receive other government subsidies, such as the biomass crop assistance program, capital grants, tax exemptions for biofuel-related equipment and generic subsidies (Koplow 2009 ). As a result of high subsidization, the elasticity of supply of ethanol is relatively inelastic to price changes at 0.27 (Du 2008 ). Kruse determined the price of ethanol would decrease by $0.29 with the elimination of a higher tax credit and import tariff (2007) . In this analysis, without increased competition from foreign imports and a lower tax credit of $0.45, the reduced demand for ethanol will cause the price of ethanol to fall by $0.11 per gallon, roughly half of Kruse's calculation. As a result of the price change, the quantity of ethanol produced will decrease by 1.32 billion gallons, in 2012.
Ethanol prices ranged from $1.45 to $2.40 per gallon, between 2009 through 2011, with an average of $1.90 per gallon (O'Brien 2011). Change in profits from the price reduction will equal the combination of the change in quantity demanded, 1.32 billion gallons, at the new price of ethanol, $1.79 per gallon, and the total quantity produced, 13.2 billion gallons, multiplied by the change in the price per gallon. In 2012, producers will lose $1.5 billion from the reduced price and $2.4 billion from decreased production at the new price, totaling $3.9 billion in lost profits. Over ten years, profit loss will equal $35.5 billion.
The Renewable Fuels Association, proposed over 100,000 people would lose their jobs, if the VEETC expired, due to reduced demand for ethanol (Urbanchuck 2010). However, based on previously discussed changes in the quantity of ethanol produced, large scale employment changes are not anticipated to occur, since firms have the ability to adjust their production process in the long run.
Farmers will also be impacted by the removal of VEETC due to reduced profits from the decrease in the demand for ethanol by oil producers. This reduction in ethanol demanded will trickle down and cause less corn to be demanded by producers of ethanol resulting in a lower demand for corn. Because corn is the primary ingredient for ethanol in the United States, the cost to farmers can be captured by the loss in profits to corn producers.
In 2010, of the 336 million tons of corn produced, 119.4 million tons went to the production of ethanol fuel (EPI 2011) . When the VEETC expires, prices for a bushel of corn are expected to fall by $0.30 and corn demanded by ethanol producers will decrease by 520 million bushels of corn (Kruse 2007) . Projected USDA estimates for corn production for 2012 estimate a total of 12.4 billion bushels of corn will be harvested. The price per bushel is anticipated to be between $5.80 and $6.60, averaging $6.20. With lower demand for corn from the tax credit expiration, farmers will lose $3.7 billion from a lower price of corn and $3.2 billion from the 520 million bushel decrease in 2012. However, in the long run, through their ability to transition their crops, over five years farmers should be able to return to previous profit levels (USDA 2011). Therefore, farmers will lose an upfront amount of $6.9 billion in 2012 and a total of $20.2 over ten years. Total production costs from the VEETC expiration will equal $55.7 billion over ten years.
Consumption
A majority of gasoline on the market is comprised of 10 percent ethanol. Ethanol blended into gasoline reduces the wholesale price at the pump. In 2011, ethanol was found to be $0.33 per gallon cheaper than gasoline, in all regions in the United States (DOE 2011). Decreasing the amount of ethanol being blended will cause the price of gasoline to increase. If an average gallon of gasoline is comprised of ten percent ethanol and the ethanol subsidy is $0.45 per gallon of ethanol blended, then the expiration of VEETC will result in a price of gas increasing by an average of $0.045 per gallon. The increased price of gasoline will be paid for at the pump, by consumers. In 2010, 138 billion gallons of gasoline was consumed. Assuming gasoline consumption remains constant, the increase in gasoline prices will cost society $6.2 billion at the pump in 2012 and $56.5 billion from 2012 to 2022.
Environmental
The total environmental effect of removing the VEETC is difficult to determine. There are conflicting views on whether pure gasoline or ethanol emits fewer greenhouse gases into the environment. The net reduction in greenhouse gas emissions, when comparing gasoline and ethanol during their entire life cycles, from the planting of corn for producing ethanol to burning it as a fuel in automobiles, is highly debated among environmental researchers. The debate is focused on the exact amount of Carbon Dioxide (CO 2 ) each part of the life cycle produces, depending on their criteria and assumptions regarding the production of ethanol. In this analysis, both arguments will be presented and addressed here, as well as in the calculating benefits section.
The Congressional Budget Office (CBO) compared gasoline and ethanol over their production, distribution, and combustion cycles, assuming that ethanol has been produced by plants and fueled by natural gas. The CBO review took into account the removal of CO 2 from the atmosphere when growing corn (CBO 2009). CBO concluded ethanol will create a net of near 20 percent fewer greenhouse gas emissions than gasoline in the short run, translating into approximately 14 million metric tons of carbon dioxide and equivalent gases. The long run continued reduction was found to be unclear. Thus with the VEETC expiration, the reduction of greenhouse gases will be lost. As production of ethanol will only be changing slightly, the anticipated loss in environmental quality from the removal of the tax credit will be negligible.
Summary of Costs
In total, the cost to society over ten years is $116.8 billion. The production of ethanol and harvest of corn are the most impacted areas from the VEETC expiration. As a result, farmers and ethanol producers will experience a loss in profits in the short-term. The profit loss to farmers will increase the demand for federal agriculture assistance. Additionally, citizens will be affected by facing higher gas prices at the pump. Although improved environmental effects were desired from ethanol, there does not appear to be a large change in environmental quality without the tax credit.
Calculation of Benefits
Administrative
The Internal Revenue Service (IRS) was responsible for processing the VEETC and as a result, receives the direct administrative benefits from its expiration. The total costs of administering a tax credit program are roughly one percent of program expenditures. For VEETC, total expenditures are based on the number of gallons of ethanol blended each year, 13.2 billion gallons in 2012, multiplied by the $0.45 credit. With the expiration of the VEETC, the IRS will save $59 million in administrative costs in 2012 (IRS 2008) . Under the status quo, ethanol production will be ten percent above the RFS standards listed in Table 1 . Over ten years, the IRS will save $7.0 billion.
Ethanol blenders also receive benefits from the expiration of the VEETC in the form of savings from not having to file for the tax credit. In order to obtain the tax credit, oil producers must file forms 637, 720, 4136, 6478 and 8849 to the IRS, claiming their total volume of ethanol blended with gasoline (IRS 2011). In total, completing all of the forms takes approximately 99 hours: fourteen hours for Form 670, 37 hours for Form 720 and 4136, seven hours for Form 6478, and four hours for Form 8849. Assuming that one employee completes all of the forms at an average salary of $75,000 per year, or $36 per hour, individual oil companies save $3,600 in a year (BLS 2011b) . With 200 ethanol facilities in the United States, a total of $72 million will be saved in 2012. Assuming employees' salaries remain constant, producers will save a total of $6.6 billion from 2012 to 2022.
An indirect effect of the VEETC has been rising food prices, which caused increased demand for federal food subsidy programs. The US Department of Agriculture Food and Nutrition Service provide a majority of its food assistance through three programs: Supplemental Nutrition Assistance Program, National School Lunch Program and Special Supplemental Assistance Program Women, Infants, and Children. Between FY 2009 and FY 2010 , the USDA spent an additional $16 billion on these food assistance programs (USDA 2011). Based on CBO estimates, approximately 10 percent, or $1.6 billion, of the increased spending on these programs is a result of higher food prices from ethanol subsidies (CBO 2009) . With the growing increase in ethanol production levels and the strain placed on corn to meet this new demand, food prices rose partially as a result of the VEETC. Assuming a constant increase in the price of food, resulting in a 10 percent increase in the annual spending on food assistance programs, removing VEETC will save $1.6 billion in 2012. If food prices continue to rise at four percent per year on average, by 2022 taxpayers will have saved $17.6 billion in government food assistance programs.
The total benefits from eliminating the VEETC in the form of sav- ings from the IRS administration of the tax credit, blenders having to fill out paperwork, and federal food and nutrition programs are roughly $2.2 billion in 2012 and $31.2 billion over ten years.
Consumption
Beyond administrative savings in the form of decreased price of corn, there are benefits in the form of stabilized food prices. The Impact of Ethanol Use on Food Prices and Greenhouse-Gas Emissions by the CBO found that the rise in US production of corn accounted for 20 percent of the increase in the price of corn in 2008 (CBO 2009) . With the expiration of VEETC, the price of corn will not be artificially inflated.
The increased demand for ethanol to be blended with gasoline caused a ripple effect, consequently raising the price of corn. CBO determined ethanol production accounted for 0.5 to 0.8 percent of the 5.1 percent increase in food prices(2009). Without the VEETC, food prices are expected to stabilize, not rising higher than their 2011 levels all other things being equal; thus causing consumers to spend less money on food, both at the grocery store and at food retail establishments in the long run.
CBO concluded that food expenditure by consumers increased between $700 million to $1.1 billion in 2007 from a rise in corn prices by $0.50 to $0.80(2009). Using a conservative average of $900 million and assuming under the status quo that food prices would increase at a rate of four percent over ten years, removing the tax credit would save citizens $9.4 billion in 2012 and 10.3 billion in ten years.
Environmental
A majority of researchers argue that ethanol produces more greenhouse gases than it saves over its lifecycle. In this case, US citizens could receive environmental benefits from the removal of VEETC. CBO estimates that ethanol costs between $750 and $1700 per metric ton of greenhouse gas emissions reduced by tax credits compared to gasoline over its lifecycle (CBO 2010). Lifecycle greenhouse gas emissions are calculated as the total quantity of greenhouse gases released into the atmosphere during the full fuel cycle, including fuel and feedstock production, distribution, and consumption.
The CBO estimate includes the cost of emissions reduced from production and consumption, increases in the energy ethanol requires compared to gasoline, and increases in the federal excise tax on motor fuels from the greater volume of fuel required to supply the same amount of energy. In 2010, 1.7 billion metric tons of CO 2 were emitted from transportation sources (EPA 2012, ES4). CO 2 represents over 80 percent of the total greenhouse gases emitted by human activity (ES6). At its most efficient, ethanol reduces greenhouse gas emissions by 20 percent. With the expiration of VEETC, production of ethanol will fall to the RFS standard, roughly decreasing by 10 percent. As a result, 34 million metric tons fewer will be released. Using CBO's conservative estimate of $750 per metric ton of greenhouse gas emissions removed, citizens will save $26 billion in 2012, totaling $237.3 billion through 2022.
Energy Security
One of the reasons ethanol subsidies were established was to reduce US dependence on foreign oil. However, many scholars have determined that ethanol is neither truly a renewable nor dependable fuel alternative. Subsequently, ethanol has not significantly reduced US foreign oil reliance.
The fossil fuels, such as coal, natural gas, and diesel used in the production of ethanol are greater than the energy savings from burning ethanol. To produce a gallon of ethanol, about 29 percent more energy is required than the total amount of energy in the gallon of ethanol (Pimentel 2003) . Since ethanol is produced using nonrenewable fuel, in the process of producing ethanol from corn, ethanol cannot be considered a renewable resource.
If all of the corn grown domestically was dedicated to the production of ethanol, only 14 percent of US gasoline consumption would be substituted (Eaves 2007) .
Ethanol is not a reliable alternative fuel. Being produced from corn, ethanol is dependent on weather conditions and corn production. Farming is volatile, resulting in federal government providing agricultural assistance during bad seasons. In a good season, a large quantity of ethanol can be produced, allowing for production at a lower cost. However, when limited corn crops are available, ethanol demand will experience a shock, from the increased price of corn creating a higher price for the reduced amount of ethanol produced. As a result, relying on ethanol provides its own risk, different from being dependent on foreign oil.
One key component of energy security is the ability to increase supply when there is a supply disruption, similar to the 1973 or 1979 oil crises. Ethanol cannot meet this need. The capacity or resources to dramatically increase the production of ethanol quickly for a short time do not exist. Without this ability, ethanol cannot secure US energy needs.
The federal government continues to pursue ways to reduce US dependence on nonrenewable fuel. In 2010, the Department of Energy (DOE) was allocated $672 million to research and develop new alternatives to phase out the use of fossil fuels (Sargent 2011) . The additional funding for alternative fuels demonstrates the inability for ethanol to reduce US dependence on foreign oil and provides an estimate on the value society places on renewable fuel. In 2022, total benefits will be $6.1 billion.
Summary of Benefits
As shown in Table 4 , the total benefits received equal $284.9 billion from 2012 to 2022. The majority of the benefits from the VEETC expiration come from environmental benefits. Additionally, the termination of administering the tax credit and stabilized food prices will impact consumers as well as reducing the demand for federal welfare assistance.
The net benefits of this policy change are the difference between the benefits and costs. In this case, the result is a positive net present value of $168.1 billion. In this assessment, the VEECT expiration impact on energy security and the environment are ambiguous. In order for the VEETC expiration to have a positive net benefit, the combined benefit of energy security and improving the environment must equal $75.3 billion. Without ethanol being a truly renewable fuel alternative to gasoline and emitting more greenhouse gases over its lifecycle, the threshold is believed to be achievable, making the positive net benefit conclusion highly probable. In addition, this estimate is likely to change due to other factors, which influence the impact of ethanol on society and are discussed in the following section.
Other Considerations
A number of other factors must be mentioned in this analysis and taken into consideration to understand the full impact of removing the VEETC. These issues are beyond the scope of this paper and therefore, will not be monetized or included in this assessment. They are presented as possibilities that could change the outcome of this research. Primarily, innovation will have a significant effect on the results from this study. Increased interest in identifying other alternative renewable fuel options will affect the substitution of gasoline for ethanol that is projected to occur with the expiration of the VEETC. If additional money is invested into the research and development of renewable fuel alternatives, such as electric automobiles or improving the market competitiveness of cellulosic and biofuel ethanol, carbon emissions could be further reduced and the United States will be less dependent on foreign oil. Additionally, as automakers continue to improve the fuel efficiency of automobiles, vehicles will require less fuel to drive the same distance, thus continuing to minimize greenhouse gas emission.
Concurrent to the December 31, 2011, expiration of VEETC, the ethanol import tariff was also terminated. The expiration allows for sugar-based ethanol from Brazil to be exported to the United States without trade barriers. Brazil's ethanol is more fuel efficient and less expensive than its United States corn-based ethanol. Therefore, the importation of ethanol is expected to increase. The total quantity of this increase is dependent on the transportation costs and the demand for ethanol in the United States. As a result, the increase in imported ethanol could put a strain on domestic ethanol producers, thus further reducing their production.
Conclusion
The expiration of the VEETC is beneficial to society. The majority of costs from this policy change are limited, indirectly effecting input markets. Ethanol producers and farmers are most affected by reduced demand and lower prices for their goods, due to overproduction. The benefits of the VEETC expiration are more far-reaching. Ironically, improvements to the environment and US energy security will experience the greatest benefit from removing the VEETC.
The total net present value is $168.1 billion over ten years. Through the repetitive relationship between the VEETC and the RFS mandate, the enhanced the inefficiency of the alternative fuel market. VEETC ultimately prohibited alternative fuels from entering the market. The incentive generated by the VEETC encouraged the primary producers of bio fuel to over produce ethanol, rather than explore alternatives. These alternatives have the potential to develop a fuel with greater benefits to the environment and independence from oil. In the future, innovation and increased trade could have significant impacts on this analysis, reducing costs and increasing benefits. As evident, allowing the expiration of VEETC was efficient, and in the best interest of society.
